t r a c t
Patients with optic ataxia, a deficit in visually guided action, paradoxically improve when pantomiming an action towards memorized stimuli. Visual form agnosic patient D.F. shows the exact opposite pattern of results: although being able to grasp objects in real-time she loses grip scaling when grasping an object from memory. Here we explored the dissociation between immediate and delayed grasping in a patient (F.S.) who after a parietal-occipital stroke presented with severe left visual neglect, a loss of awareness of the contralesional side of space. Although F.S. had preserved grip scaling even in his neglected field, he was markedly impaired when asked to pretend to grasp a leftward object from memory. Critically, his deficit cannot be simply explained by the absence of continuous on-line visual feedback, as F.S. was also able to grasp leftward objects in real-time when vision was removed. We suggest that regions surrounding the parietal-occipital sulcus, typically damaged in patients with optic ataxia but spared in F.S., seem to be essential for real-time actions. On the other hand, our data indicates that regions in the ventral visual stream, damaged in D.F but intact in F.S., would appear to be necessary but not sufficient for memory-guided action.
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Introduction
Lesions to the posterior parietal cortex are typically associated with optic ataxia (Karnath & Perenin, 2005; Perenin & Vighetto, 1988) , a disturbance of visually guided hand movements. Several studies have shown that the visuomotor abilities of such patients, in contrast to healthy participants, paradoxically improve when they are asked to pantomime an action towards memorized stimuli (Himmelbach & Karnath, 2005; Milner et al., 2001; Milner, Dijkerman, McIntosh, Rossetti, & Pisella, 2003; Rice et al., 2009) . In contrast, the visual form agnosic patient, D.F., shows the exact opposite pattern of results: although being able to act in realtime, she loses grip scaling when grasping an object from memory (Goodale, Jakobson, & Keillor, 1994) . Structural MRI showed that D.F. has bilateral lesions primarily affecting ventro-lateral occipital regions (James, Culham, Humphrey, Milner, & Goodale, 2003) . These observations have led to the conclusion that immediate real-time actions rely on processing carried out in the dorsal visual stream (from occipital to posterior parietal cortex) whereas memory-guided actions make use of a perceptual representation of the stimuli generated by the ventral visual stream (from occipital to * Corresponding author. Tel.: +1 519 661 2070; fax: +1 519 661 3961.
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inferior temporal cortex; [Goodale et al., 1994; Goodale, Westwood, & Milner, 2004; Milner & Goodale, 2006] ).
In addition to optic ataxia, visual neglect is frequently observed after lesions in the parietal lobe (Mort et al., 2003) . Patients with neglect typically present with loss of awareness in the contralesional side of space and their lesions most frequently overlap in the inferior parietal lobe (Mort et al., 2003) and/or superior temporal gyrus (Karnath, Berger, Küker, & Rorden, 2004) . Although it has been suggested that such patients exhibit visuomotor deficits (Coulthard, Parton, & Husain, 2006 ) the impact of neglect on action tasks has been a hotly debated topic in the last decade (Coulthard Parton, & Husain, 2007; Himmelbach, Karnath, & Perenin, 2007) . Very briefly, while some authors argue that lesions in the inferior parietal role lead to motor impairments in neglect patients (Mattingley, Husain, Rorden, Kennard, & Driver, 1998) , others argue that even severe neglect patients in the acute stage of their stroke can accurately reach to a target presented in their neglected field (e.g., Himmelbach & Karnath, 2003) . Moreover it has been recently shown that although neglect patients are able to reach towards targets even when these are presented in their neglected field, they are impaired in memory-guided reaching towards these same targets (Rossit et al., 2009a) , similar to what has been observed in patient D.F. (Milner, Dijkerman, & Carey, 1999) . This observation is in line with the proposal that the representational system that is damaged in neglect is probably more closely linked to the ven-
